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Chapter 1 The Avalon medium sandy loam 
The Avalon medium sandy loam is considered to be one of 
Natal's most important agricultural soils and together with ~losely 
related sandy variants of the Avalon soil form covers some 200,000 
hectares of the Tugela Basin. Selected physical and chemical 
characteristics of the particular soil, which provided the basis 
for the studies discussed in this dissertation, were presented. 
Chapter 2 Effects of rainfall and differential applications 
of N, P, K, and Ca on the fate of K in an Avalon 
medium sandy loam cropped with maize (Zea mays L.) 
Soil and plant samples were obtained from a field 
experiment in which different levels of N, P, K, and Ca were combined 
in a 34 factorial arrangement. The pattern of K movement in topsoil 
(0 - 15cm) was measured over a period of three years and related to 
rainfall and crop removal. The extent of K drainage to subsoil 
horizons over two seasons was determined and the effects of N, P, K, 
and Ca levels on K movement both to lower horizons and the growing 
plant assessed. 
Marked luxury consumption and leaching from the surface 
horizon occurred. The extent of K loss to subsoil horizons was 
largely dependent upon rainfall and rate of K application and was 
unaffected by the addition of other fertilizers. Textural build-up 
prevented movement of K beyond the 45 - 60cm zone. Although Nand 
P had no direct effect on K movement to lower horizons, such ~osses 
were appreciably reduced by increases in plant uptake at high rates 
of Nand P fertilization. Applications of Ca did not affect plant 
uptake of K, but increased levels of K resulted in reduced uptake of 
1 
both Ca and Mg. Losses of K from aerial plant parts during senescence 
were considerable. 
Chapter 3 A field and glasshouse comparison of several 
potassium availability indices 
2 
Data from both field and pot studies were used to compare 
and evaluate several K availability indices. 
In a pot study with Eragrostis curvula indices of K 
availability obtained by exchange with neutral ~ NH40Ac and the 
quantity-intensity (Q/r) technique were correlated with cumulative 
yield, cumulative K uptake, and K% in the tissue. .. All the parameters 
used provided essentially similar indices of K availability when soil 
was not dried prior to analysis. Air drying, however, markedly 
reduced the prognostic value of ~ NH
4
0Ac exchangeable K and K index A, 
the product of labile pool (_~Ko) and potential buffering capacity 
(PBCK). 
In a field study with maize (Zea mays L.) the various 
indices of K availability were correlated with K% in the stover at four 
stages during the growing season. Although all soil analyses were 
conducted on air dry samples, ~ NH40Ac exchangeable K provided as good 
an index of K availability as any of the other measures used and 
proved superior to equilibrium activity ratio (ARK) or parameters 
K 0 
involving PBC measurements. 
Data from both the field and pot studies suggested that the 
form of the Q/r relationship was affected by air drying and K ferti-
lization. 
Chapter 4 Potassium availability in the profile of 
an Avalon medium sandy loam as measured by 
several soil test methods and exhaustive 
cropping in pots 
K availability indices obtained by empirical methods using 
~ NH40Ac at pH 7, 0.01 ~ CaC12, 0.001 ~ CaC12, and ~ HN03 
were compared 
with indices obtained from techniques involving intensity measurements 





0Ac exchangeable K provided an index of K availability 
superior to those obtained by other methods. Apart from being a good 
index of K availability li NH 40Ac exchangeable K was closely related 
quantitatively to cumulative uptake by the time deficiency symptoms 
first appeared. Labile pool (_~Ko), equilibrium activity ratio 
(ARK), and the energy of exchange of Ca by K (~F) were poorly 
o 
correlated with uptake. Joint consideration of 0/1 parameters, 
however, provided greatly improved measures of K availability. 
equilibrations provided only reasonable indices of K availability, the 
prognostic values of " which tended to decrease as the soils were 
exhausted. While li HN0 3 releasable K was initially poorly related to 
uptake, it provided an improved index as K depletion progressed and 
initially nonexchangeable K played an increasingly important role. 
Chapter 5 -Effects of K release and fixation on the 
quantity-intensity relations of an Avalon 
medium sandy loam 
To ascertain whether release and fixation phenomena 
significantly alter the 0/1 relations of an Avalon medium sandy loam 
K equilibrium shifts were promoted by fertilizing with K, incubating 
for various periods at different moisture contents, and air drying 
prior to analysis. 
Level of K application, time of inc~bation, and air drying 
were all found to significantly affect the form of the 0/1 relationship. 
Applications of K resulted in decreases in PBC K due apparently to 
blocking of exchange sites. Although small quantities of applied K 
K . 
were fixed, release of K occurred on storage and PBC values increased. 
Thus, the "effects of K application on PBCK tended to diminish with ti~e 
of incubation. Changes in PBC
K 
per unit increment in K diminished as 
the level of K saturation increased and PBCK increases per two week 
incubation period were similarly greater at higher levels of K. Air 
drying soil samples prior to analysis resulted in significant PBC K 
increases. K release on drvino oresumabl v rp.Rllltp.rl in in~~c~ooo ;n 
4 
cation exchange capacity and enhanced adsorpti on of Ca . 
INTRODUCTION 
It i s axiomatic that any sound agricultural research programme 
shoul d hinge ultimately upon the need to answer practical problems 
confronting the farming community. The nature and complexity of such 
pr oblems varies tremendously being largely dependent upon the 
agricultural development of the country or area involved. In the 
agriculturally advanced regions of North America and Western Europe 
many of the more fundamental requirements have been fulfilled and much 
of the present research is of an advanced and complex nature. In 
younger underdev eloped and developing countries, however, considerable 
popularly called "bread and butter" research must still be undertaken. 
In the field of soils research South Africa's requirements and 
achievements probably fall somewhere between these two broad limits . 
5 
In certain specialised directions they are equal to those of the most 
technically advanced nations, while in others they are as rudimentary as 
r 
those of many far less developed countries. Field calibration studies 
and the establishment of threshold values for various crops and soil 
types, i s one such neglected avenue of research. There is distu~bingly 
little information available in this regard, notwithstanding the fact, 
that nearly 3, 000,000 metric tons of fertilizer material are used each 
year. An annual investment by the farming community of over R8~,000,000 
should be backed by a sound soil testing service, yet there are very few 
areas in the country where fertilizer requirements are predictable with 
any degree of accuracy. Sound correlation studies must precede the 
intelligen t interpretation of soil test values, but there exists at 
present a totally inadequate background in this regard and considerable 
research relating to soil fertility has consequently found little or no 
practical applicati on . While the necessity for immediate returns from 
research does not exist in many agriculturally advanced countries, it is 
very doubtful whether South Africa can realistically afford such luxuries 
at present. 
Of the numerous factors which have probably contributed towards 
First, there has until recently, due to the absence of any detailed 
soil surveyor classification system, been no satisfactory research 
vehicle on which to conduct calibration studies. A thorough survey 
of the Tugela Basin, an area of considerable agroeconomic potential , 
initiated in 1957 and published very recently (van der Eyk, MacVicar, 
and de Villiers, 1969) has, however, made a sound approach to this 
problem feasible. Secondly, there has in the past been insufficient 
co-operation between soil and crop scientists. In South Africa 
these two disciplines unfortunately tend to operate to the exclusion 
of one another and ground of common interest, such as crop nutrition 
and soil fertility, has consequently been rather neglected. This is 
exemplified by the very large number of fertility trials performed 
annually with no consideration of soil test values. In the absence 
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of the extrapolatory value provided by such analytical data, results 
obtained from these experiments have not proved particularly meaningful 
in areas other than those in the immediate environs of the research 
centres involved. Last, a factor which has probably also contributed 
indirectly to this lack of co-operation. There is an apparent 
rel uctance among research personnel to conduct what many feel is rather 
humdrum research. This is undoubtedly due largely to the modern 
tendency to guage proficiency on the complexity and volume of published 
work. In most respects South Africa is very closely linked to the 
further developed count~ies of the Western World and there is a tendency 
to favour research programmes abreast of those conducted in these 
countries, such work rightly or wrongly being considered better suited 
to pUblication. While this satisfies both national requirements and 
individual desires in many fields of endeavour where research findings 
have universal application e.g. heart surgery, it is not entirely 
possible in the field of soil fertility. Variables such a~ climate, 
topography and parent material, all intimately involved in soil genesis, 
as well as the wide divergence in crop requirements , preclude the 
satisfactory pooling of information from dissimilar areas for the 
prediction of fertility requirements. Indeed, it is questionable 
on a relatively localised scale, where the requirements of individual 
or at least closely related soil types are carefully studied. 
It is not intended here to offer possible solutions to these 
problems, but merely to present them as being among those, which 
have had an important bearing on soil fertility studies in this 
country. Further, while it is not suggested that such difficulties 
are peculiar to South Africa, the situation existing in the country 
in general and in the province of Natal in particular was an important 
factor in the motivation of the studies reported here. 
During 1965, when the Tugela Basin survey was approaching 
completion, it was decided to conduct calibration studies on the most 
important soil types occurring in this area. The Avalon medium sandy 
7 
loam was selected as the most suitable soil type on which to initiate 
such studies as, apart from being well represented on a research station, 
it was considered to be agriculturally very closely related to the other 
infertile sandy soils of this area. Such soils constitute 15 - 20% 
of all arable land in the Tugela Basin and their low productivity has 
been held to be largely responsible for the economic depression 
existing in areas of their most frequent occurrence. Moreover, very 
similar sandy soils are known to occur extensively in other parts of 
Natal and the important cropping areas of the Transvaal and Orange Free 
State . 
The work reported here is based on a long term fertility trial 
laid down in the spring of 1966 on the Dundee Research Station near 
Dundee, northern Natal. Although the ultimate objective of this 
experiment is the establishment of minimum soil test values for N, P, 
and K above which increases in maize yield will no longer be economic, 
this report is restricted to essential preliminary studies involving K. 
While the choice of K was influenced largely by the considerable volume 
of work into methods of K assessment conducted in Natal in recent years 
(Stanton, 1958; Le Roux, 1966; Koch, 1968; Skeen, 1968), sandy soils of 
the Avalon soil form are considered to be marginal with respect to K 
(van der Eyk et al., 1969) and the importation of K contributes 
8 
signi f i cant ly to South Africa's annual outlay of foreign exchange.* 
The success of a calibration study is ultimately dependent upon 
t he effi cacy of the soil testing technique adopted . Without a thorough 
under standing of the significance of factors such as fixation, leaching, 
luxury consumption, and nutrient interaction to the particular soil-
pl ant system under investigation, however, no soil test can be 
adequately interpreted. Thus, an evaluation of soil testing techniques 
and t he establishment of basic soil-plant relationships involving the 
particul ar nutri ent being studied must precede correlative work. 
Over all objectives of the work reported here were to (1) 
investigate some of the basic soil-plant relationships which might play 
a role in the K nutrition of maize on Avalon medium sandy loams and (2) 
compare and evaluate a number of techniques used for determining plant 
availabl e K. 
* According to figures released by the Department of Agri cultural 
Technical Services consumption during 1968 was equi valent to 
79,764 met r ic tons of ,Ki 
CHAPTER 1 
THE AVALON MEDIUM SANOY LOAM 
Soils of the Avalon and Glencoe forms, as described by van , der 
Eyk, MacVica~ and de Villiers (1969) are characterised by an orthic A 
horizon over a yellow apedal 8 horizon underlain by either soft 
(Avalon form) or consolidated (Glencoe form) plinthite (plates and 
tables 1 and 2). 
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Two or more members of these soil forms are regularly associated 
in the landscape and are dOminant constituents of the five E : ~apping 
~ssociations or van ,der Eyk et al., (1969) • . Landsbape~ in ~bich 
members of the Leksand and Newc~stle ' , seri~s predominate, ' but which 
contain extensive areas ,of Avalon series and occasional representatives 
of ths Eleeksand ·and Ruston :ser1Bs ',haveb8en grouped into the Leksand-
Avalon (E3) mapping association. '! Simiiarly ' landscapes in Which 
members of the Leksand, _ ~esselsnek and Dunbar series predominate, 
but which contain extensive areas of the Newcastle and Driepan series 
and occasional representative of the Glencoe and Avalon series have been 
grouped into the Leksand-Wesselsnek , (E4) mapping association. 
Soils of both these associations tend to be sandy and commonly 
have non-diagnostic A'horizons which are indistinguishable. Indeed, 
the diagnostic 8 horizons of the sub-dominant series in both associations 
are frequently only distinguishable from the dominant series by recourse 
to particle size analysis. Consequently, except where consolidated 
plinthite imposes restrictions on rooting depth, soils in these two 
associations are considered to be agriculturally very similar. In 
practice no attempt is made at present to differentiate between soils 
included in the E3 and E4 associations and they are collectively referred 
to as "Leksands" by field officers. Although primarily to avoid 
unnecessary confusion among the farming community, this grouping is also 
considered to have merit as far as fertility stUdies are concerned. 
Fertilizer and management responses are likely to be sufficiently 
Orthic Al 
Yellow apedal B 
Soft plinthic B 
Plate 1 Avalon soil form 
Table 1 Soils of the Avalon form 
Clay content of 
yellow B horizon (%) 
6 - 15 
15 - 35 
35 
Dominant grade of 





* Sum of metal cations 
S-value in yellow B horizon 
(me%)* 









Yellow apedal B 
Hard plinthic B 
plate 2 .Glencoe soil form 
Table 2 Soils of the Glencoe form 
S-value in yellow B horizon 
Clay content of 
yellow B horizon (%) 
Dominant grade of (me%)* 
sand in yellow B ----------~~~-----------­
horizon below 1.5 1.5 - 5.0 
coarse Wesselsnek 
5 - 15 medium Dunbar 
fine Driepan 
15 - 35 Appam Glencoe 
* Sum of metal cations 
similar to make sub-division unrealistic at this stage and it is 
expected that it will be possible to extrapolate experimental results 
obtai ned on an Avalon medium sandy loam to other members of the E3 
and E4 associations, of similar effective depth, with considerable 
confidence. Approximately half of the 1 , 300,000 hectares of arable 
land in the Tugela Basin belongs to the E mapping association. Of 
this, 120 9 000 hectares belong to the E3 association and over 85,000 
hectares to the E4 association. Consequently, it is anticipated 
that the Avalon medium sandy loam will be representative of almost 
200 , 000 hectares in the Tugela Basin. 
Sandy variants of the Avalon and closely related series occur 
largely in the northern portion of the Tugela Basin (fig. 1), an area 
s ub jected to climatic conditions generally very favourable for 
intensive cropping. Normal annual rainfall is adequate and summer 
temperatures are high. 
These soils have developed on drift material originating from 
Karoo sandstone (Ecca) and are usually moderately deep to deep. They 
are in general moderately leached yellowish-brown to grey-brown in 
colour and most often free of ferruginous hardpans. The surface 
horizons have s ingle grain or, at best, weakly developed structures 
12 
and a very low organic matter content. Structure becomes stronger, 
consistence firmer and the clay content, pH and exchangeable ' cations 
increase with depth. Conspicuous red mottles appear in the lower 
horizons and hydromorphism becomes progressively more marked. The 
predominant clay minerals are kaolinite and illite with some muscovite. 
Selected physical and chemical properties of a profile 
representative of the particular Avalon me dium sandy loam used in 
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Yellow apedal B 
Soft plinthic B 
Plate 3 Avalon medium sandy ' lo'am 'monolith 
Selected physical and chemical characteristics of six 
soil horizons of an Avalon medium sandy loam 
H 0 r iz '0 n " 
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0-15cm 15-30cm 30-45cm 45-60cm 60-75cm 75-90cm 
, Particle size di1:?iribution % (Hydrometer) 
c. sand 12 12 12 9 7 6 
m. sand 27 24 27 18 12 11 
f . sand 43 45 31 33 30 28 
silt 4 4 6 6 8 8 
cla:l 14 15 24 34 42 46 
Extractable cations in me% (I! NH40Ac pH7) 
Na .02 . 02 . 03 .12 . 28 .34 
K .16 .15 . 14 . 12 . 36 .58 
Ca .56 . 63 .69 .69 .94 1.40 
Mg .22 . 26 .81 1. 87 4.19 4.56 
* S val ue (me%) . 96 1.06 1. 67 2. 80 5 . 77 6 . 88 
+ c. E. C • ( m e%) 1.61 1. 70 3. 24 4.58 8.43 9 . 00 
~ base saturation 59.5 62.5 51. 5 61.0 68.5 76 . 5 
pH I!KCl ~1:2) 3. 9 3.9 3. 9 4.0 4.5 4. 9 
CHAPTER 2 
EFFECTS .oF HAINF ALL AND DIFFERENTIAL APPLICATIONS 
OF N, P, K, AND Ca ON THE FATE OF K IN AN AVALON 
MEDIUM SANDY LOAM CROPPED WITH MAIZE (Zea mays L.) 
INTRODUCTION 
1 5 
In any fertility study pertaining to the role of K in a 
particular soil-plant system, information regarding the fate of applied 
K under field conditions is essential, as losses due to leaching and 
luxury consumption may be of considerable agronomic consequence. 
In most agricultural soils vertical movement of applied K is 
limited (Duthion, 1968). In sandy soils, of which there are 
approximately 200,000 hectares in the Tugela Basin, however, leaching 
of potassic fertilizers is an important consideration (Mehlich and 
Reed, 1945; Pratt and Goulben, 1957; Jackson and Thomas, 1960; Luterick, 
1963; Pfaff, 1963; Hogg and Cooper, 1964; Kohlein, Oehring, and 
Spielhaus, 1966). Intensity, duration, and frequency of rainfall 
are major contributory factors to K movement (Munson and Nelson, 1963). 
In addition, variable effects due to the application of other 
fertilizers have been reported (Ayers and Hagihara, 1953; Luterick, 
1963; Hogg and Cooper, 1964; Paterson and Richer, 1966). A frequently 
overlooked factor of major importance in leaching studies is the 
growing plant. Plants must, depending on rooting habit and specific 
K requirement, reduce leaching losses both by interception and 
recycling of K from lower horizons. Consequently, other nutrients 
will, apart from any direct effect they may have in uncropped soil, 
influence leaching losses through their effects on plant growth. 
The aim of this investigation was to determine what effects 
fertilization, cropping with maize and seasonal variation have on the 
fate of K applied to an Avalon medium sandy loam. 
MATERIALS AND METHODS 
experiment initiated in 1966 near Dundee , northern Natal. Selected 
physical and chemical properties of a representative profile have 
been presented earlier (table 3). Three levels of N, P, K, and Ca 
were appli ed annually in all combinations to eighty~one 0.0078 
16 
hectare plo t s arranged in a single replicate 3
4 
design. The following 
fertilizers were used: urea (53.5, 107 . 0, 214.0 kg N/ha), single 
superphosphate (24.2~ 48.4, 96.8 kg P/ha) , muriate of potash (0 1 87 . 3 ~ 
174.6 kg K/ha), and gyp~m ' (O, 102, 204 kg Calha). All f~rtilizer 
except two thirds of the urea, whi ch was applied as a side-dressing 
when plants in t he best plots were approximately 45cm high, was broad-
cast and disced i nto the soil just prior to planting. Unifo r m 
dressings of ZnS04.7H20 (26.5 kg/ha), CuSo 4.5H20 (26.5 kg/ha) ~ Bor ax 
(26.5 kg/ha) and (NH4)6Mo7024.4H20 (0.5 kg/ha) were ap~lied at the start 
of the 1966/67 season. MgS04.7H20 (233 kg/ha) was applied annual l y. 
The yellow maize cultivar 'S.A. 60' was planted at a spacing of 30 x 
90cm. 
Prior to fert i lization and at seven stages in the 1966/67 and 
six in the 1967/68 and 1968)9 seasons soil samples were collected from 
the surface l5cm of each plot using a Beater sampler. Thirty cores 
were removed per plot, ten each from between plants in the row, 
quarterway between the rows and midway between rows. At the 
beginning of the third season 15cm soil increments were collected 
to a depth of 60cm using a split-tube sampler. 
removed per plot. 
Nine cores were . 
Soil samples were air dried and ground to 2mm. Exchangeable K 
was extracted by shaking with neutral ~ NH 40Ac for 30 minutes using a 
1:10 soil to solution ratio. To measure K release or fi xation in t he 
various soi l horizons, nonexchangeable K was determined as t he 
difference between exchangeable K and that extracted by boil ing with 
~ HN03 fo r 10 minutes using a soil to solution rati o of 1 : 5. Anal yses 
were conducted i n duplicate and K determined f l ame spectropho tometrically 
in f i ltered extr acts. 
Coincident with soil samolino. ol ant samols R \,fR T'P. r. n ll Rr. t .Rrl ::It. 
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165 days after planting) and at two stages during the 1967/68 season 
(28 and 170 days after planting). Five plants were removed from each 
plot ~ weighed and chaffed. An approximately 500g subsample was 
dried to constant weight at 90 0 , wei ghed and milled. In the fifth9 
sixth, and seventh samplings cobs and stover were treated separately. 
K, Ca, and Mg were determined in filtered extracts after ashing 2g 
samples at 450 0 and dissolution in 1+4 HCl. At harvest grain and 
stover yields were recorded and removed from the experimental site. 
RESULTS AND DISCUSSION 
(i) Pattern of K movement in topsoil 
Figure 2 depicts the mean K status in topsoil (O-15cm) of the 
KO' Kl
, and K2 plots over all levels of N, P, and Ca, together with 
the daily rainfall during three seasons of cropping with maize. It 
is apparent that (a) even at the highest level of application there 
was a net reduction in K status, (b) the percentage K loss increased 
with level of application, (c) considerable recovery of K occurred 
during the latter portion of the first two seasons, and (d) the 
pattern of K movement was influenced markedly by rainfall. 
Plant analysis indicated that the net K loss from plo~s receiving 
annual K applications of 87.3 kg/ha (Kl ) and 174.6 kg/ha (K2) 
was considerably in excess of the K removed by the crop during the 
1966/67 and 1967/68 seasons (table 4). As the surface horizon is not 
capable of fixing significant quantities of K (chapter 5), such losses 
were presumably due to movement down the profile. Failure of K 
dressings to maintain the original K status of the unfertilized soil 
was probably the result of other fertilizer materials increasing 
competition for exchange sites, since cropping did not bring about any 
reduction in the organic matter content . 
Predictably, where a soil has little capacity for K retention, 
losses of K due to drainage increased markedly with level of application, 
leachinQ losses from K_ Dlots beino almost three times those frnm K 
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Table 4 The effects of annual precipitation and cropping with 
maize on K loss from the surface 15cm of an Avalon 
medium sandy loam 
19 
Season 
K removed Reduction in K presumed leached 
Rainfall K applied by crop soil K status to lower horizons 
(mm) (kg/ha) (kg!ha) (kg!ha) (kg!ha) 
174.6 115.9 224.3 108.4 
1966/67 619 87.3 103.7 145.5 41.8 
nil 93.6 73.0 
174.6 66.1 145.0 78.8 
1967/68 427 87.3 58.2 83.1 24.9 
nil 47.0 14.1 
were nonsignificant over the three seasons of experimentation (table 5), 
total K uptake in K2 plots was 26% higher than that in KO plots during 
1966/67 and 41% higher during 1967/68 (table 4). 
Table 5 Effects of annual applications of N, P, K, 
and Ca on maize grain yie1ds* 
Annual treatment Season 
(kg/ha) 1966/67 1967/68 1968/69 
53.5 3804 3700 3657 
J,07!0 N as urea 5156 4472 4047 
214.0 5966 4293 3060 
24.2 P as single 3739 3890 3348 
48.4 super- 5020 4056 3476 
96.8 phosphate 6164 4519 3941 
0 K muriate 4970 4022 3403 87.3 as 
of potash 4966 4230 3698 174.6 4988 4211 3662 
0 4992 4211 3498 
102 Ca as gypsum 4995 4042 · 3595 
204 4936 4212 3672 
Mean yield 4975 4155 3587 
SE 137 123 118 
LSD 5% 392 352 337 
1% 524 lJ.?n II~' 
In the first two seasons losses of K from aerial plant parts 
90-100 days after planting until harvest resulted in a rapid build-up 
in soil K status (figs. 2 and 3a). During 1966/67 apparent Kloss 
varied from 8% (KO) to 20% (K;) of maximum plant content (fig. 3a). 
This is considerably higher than losses reported by Hanway (1962), 
Sayre (1955), and Weinmann (1956) and was probably due largely to 
plants attaining a higher maximum K content. Factors such as degree 
of senescence at harvesting, rainfall, and variety playa role, 
20 
however (Tuckey and Tuckey, 1962; Mecklenburg, Tucke~ and Morgan, 1966). 
Results also suggest that apparent plant loss may be appreciably 
less than actual loss. Increases in the K status of K2 plots during 
the 1966/67 and 1967/68 seasons amounted respectively to 31 kg/ha and 
47 kg/ha (fig. 2). Insufficient plant samples were collected during 
the 1967/68 season to determine plant loss directly, but it is 
considered unlikely that soil gains would have been greater than during 
the 1966/67 season, as mean yields were 21% lower (table 5). It 
appears rather that higher rainfall during the 1966/67 season resulted 
in apparent soil gains being substantially less than actual gains, 
plant K being leached to subsurface horizons. As increase in soil K 
during the first season (fig. 2) was very similar to decrease in plant 
K (fig. 3a), apparent plant losses also appear to have been lower than 
actual losses. This is not inconsistent with findings reported in the 
literature. Tuckey and Tuckey (1959; 1962) have demonstrated with the 
use of radioactive isotopes that leached K may be recycled. In the 
work reported here influx of K probably continued for some time after 
plants suffered a net decrease in K content. This would explain why 
Hanway (1962) observed K accumulation in maize until a considerably 
later stage of maturity than Sayre (1955). Leaching losses reported by 
Sayre were in the region of 12%, whereas those measured by Hanway were 
negligible. 
Terminal decrease in soil K status recorded during the 1968/69 
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physiological maturity, which occurred at an appreciably higher soil 
K status than in previous years due to the effects of drought, a marked 
decrease in K status was observed. This is considered to have been 
the result of relatively high intensity rainfall causing leaching 
losses from the soil to exceed gains from plant sources. As 
considerably more rain fell during the same period in 1966/67 a similar 
situation is likely to have existed, an increase in K status of the 
surface horizon resulting from substantially greater plant loss and the 
soils more advanced state of depletion. 
While these data indicate that retention of applied K by the 
surface horizon is extremely tenuous, the agronomic consequences are 
dependent to a large extent on the depth to which K is leached. 
(ii) K movement to lower horizons 
Analyses of soil samples collected down the profile at the 
beginning of the third season indicated that, in plots receiving 174.6 
kg ~ha annually, significant K movement had occurred to the 30-45cm 
horizon (fig. 4). If it is assumed that rooting depth was unaffected 
by K applications, significant K movement to the 30-45cm zone can also 
be regarded as having occurred in plots receiving 87.3 kg K/ha. In 
the 45-60cm horizon, although differences were not statistically 
significant, the same t~end existed. 
A considerable portion of the applied K could not be accounted for 
either in stover and grain removed or in the soil profile (table 6). 
Table 6 Balance sheet showing the fate of K in an Avalon medium 
sandy loam cropped with maize for two years 
K 
K K lost or gained by four applied Total K 
Knot 
removed depth increments (kg/ha) accounted 
over two b . loss from y ma~ze 
profile for years ( / ) 0-15cm l5-30cm 30-45cm 45-60cm (kg/ha) ~k9Lha~ kg ha 
nil 140.6 - 87.1 - 15.9 - 5.3 - 5.3 113.6 -27.0 
174.6 161.9 -228.6 + 5.3 +10.6 + 5.3 207.4 +45.5 
349.2 182.0 -369.3 + 42.3 +34.4 +13.2 279.4 +97.4 
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• No K applied 
• 87.3 kg K/ha/annum 
x 174.6 kg K/ha/annum 
• K status at start 
Exchangeable K (kg/ha) 
o so ];QO ISO 200 
0-lSP-------~----~--~----~--~~~~~ 
IS-3D .--.. LSO(S%)= 9.0 
E (1%)=12.1 u I '-" 
.r. 
+l 
Q. I w 
0 
I 
30-4S .-I • LSO(5%)=l2.5 • ..-l 
0 (1%)=16.7 UJ 
45-60 LSO(S%)=11.3 
(l%)=lS.l 
Fig. 4 Effect of differential K fertilization and two 
years of cropping on the K status in four 
horizons of an Avalon medium sandy loam. (Each 
point represents mean of 27 pot values.) 
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Whi le some K was pr obably present in undecomposed crop residues, it is 
cons i de r ed l i kel y that fixation by subsurface horizons was largely 
res ponsibl e for the discrepancy. Although statistically significant 
differences i n t he level of nonexchangeable K could not be detected, 
such i nc reases would be small and probably within the limits of 
exp erimen t al er ror when spread~ over two or more l5cm horizons. The 
apparen t excess of K removed over K initially available in KO plots 
was presumabl y due to release from nonexchangeable sources throughout 
the profil e and possibly removal from the K enriched hydromorphic zone 
below 60cm ( t able 3). Other work (chapter 4) has shown that, although 
the surface hori zon is not capable of releasing meaningful quantities 
of K, s uch release increases down the profile. It is noteworthy that , 
notwithstandi ng very rapid loss of K from the surface horizon, applied 
K di d not move beyond the rooting zone of most field crops. 
(iii) Ef f ects of N, P, and Ca on K movement down the profile 
Ca i n excess of the quantity present in the lowest s~perphosphate 
applications had no detectable effect on soil K status. Applications 
of Nand P, on the other hand, resulted in highly significant 
(p = 0. 01) decreases i n the level of exchangeable K, N in the topsoil 
(O-l5cm) and P t o a depth of 30cm (table 7). These K losses did not 
Tabl e 7 Eff ects of Nand P applications on the K status of 
f our horizons of an Avalon medium sandy loam cropped 
wi t h maize for two · years 
Annual K status of soil horizons (kg/ha) 
appli cation 
(kg/ha) 0-15cm l5-30qm 30-45cm 45-60cm 
53.5 118 151 1.37 131 
107.0 N as urea 113 145 135 125 
214. 0 106 143 140 135 
24.2 P as single 120 153 142 133 
48.4 s uper- 111 154 137 127 
96. 8 phosphate 106 132 133 131 
SE 2.80 3.16 4.36 3.94 
I sn ~~ R.n q . n l? _!:i 11 _ ~ 
lead to any concomitant increase in the K status of lower horizons, 
however, and were due solely to the beneficial effects of Nand P on 
plant growth and K uptake. Low cation exchange capacity and 
relatively high base saturation of the surface horizons (0-30cm) 
probably account for the absence of the direct effects of gypsum and 
superphosphate reported by Mehlich and Reed (1954), Hogg and Cooper 
(1964) , and others. 
(i v) Effect s of N, P, and Ca on K uptake 
Applications of Nand P resulted in marked increases in total K 
uptake and yield (table 5, figs. 3b and 3c). Increased K uptake was 
not directly proportional to growth, however. 
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High levels of N resulted in significant (p = 0.01) decreases in 
K% in plant material collected 29, 55, and 65 days after planting 
(table 8). Differences in K content were nonsignificant in subsequent 
Table 8 Effects of N, P, K, and Ca applications on the K content 
of maize stover at seven stages during the growing season* 
Treatment 
Days after planting 
(kg/ha) 29 55 65 77 90 105 165 
53.5 4.60 . 3.92 .. 2.82 1.98 1.55 1.40 1.40 
107.0 N as urea 4.39 3.70 2.67 1.95 1. 52 1.53 1.39 
214.0 4.30 3.42 2.52 1.92 1.53 1.51 1.47 
24.2 P as single 4.13 3.74 2.70 1.92 1.52 1.48 1.45 
48.4 super- 4.50 3.70 2.63 1.94 1.54 1.49 1.38 
96.8 phosphate 4.65 3.59 2.68 1.99 1.54 1.46 1.43 
0 K muriate 3.90 2.91 2.13 1.62 1.28 1.32 1.28 as 
87 .3 of potash 4.65 3.83 2.69 1.98 1.54 1.45 1.38 
174.6 4.73 4.30 3.19 2.24 1.79 1.66 1. 60 
0 4.46 3.73 2.63 1.91 1. 54 1.48 1.38 
102 Ca as gypsum 4.47 3.60 2.65 1.97 1.51 1.45 1.44 
204 4.36 3.70 2.72 1.97 1.56 1.50 1.44 
SE 0.0543 0.0719 0.0385 0.0367 0.0235 0.0354 0.0363 
LSD 5% 0.155 0.205 0.110 0.105 0.067 0.101 0.104 
1% 0.208 0.275 0.147 0.140 0.090 0.136 0.139 
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samplings, but K loss by harvest was lower in high N plots. It appears 
that decreases in K content due to high levels of N were offset, as 
plants matured, by reduced leaching losses (fig. 3c) . While decreases 
in K% due to high levels of N were undoubtedly due partly to dilution 
effects, decreases in the K/Ca and K/Mg ratios indicated that other 
mechanisms were operative (table 9). Such increases in the uptake of 
Table 9 Influence of N rate on cation relations in maize 
stover at seven stages during the growing season 
Days N added 
N/K 
Cations 
after as urea {me~} i</Ca K/Mg 
Ca+Mg 
(%) K 
~lanting {kgLha} K Ca Mg 
53 . 5 0.63 117.7 16.7 24.2 7.1 4.9 0 035 
29 107.0 0.70 112.3 16 .1 24.8 7.0 4.5 0036 
214.0 0.83 110.0 14.9 23.6 7.4 4.7 0.35 
53.5 0.64 100.3 13.1 17.2 7.7 5. 8 0.30 
55 107.0 0.71 94.7 12.4 18.0 7.8 5.3 0.32 
214.0 0.83 87.5 12.3 17.9 7.2 4.9 0.35 
53.5 0.65 72.1 10.4 16.3 7.3 404 0.37 
65 107.0 0.76 68.3 10.7 16.8 6.4 4.1 0.40 
214.0 0.91 64.5 10.6 16.8 6.2 3.9 0.42 
53.5 0.73 50.7 8.7 12.2 5.8 4.2 0.41 
77 107.0 0.87 49.9 8.9 13.2 5.6 3.8 0.44 
214.0 1.00 49.1 9.6 13.5 5.2 3.6 0.47 
53.5 0.65 39.7 8.6 10.8 4.6 307 0.49 
90 107.0 0.86 38.9 9.3 11. 7 4.2 3.3 0.54 
214 . 0 1.05 39.1 9.7 12.1 4.0 3.2 0.56 
53.5 0.39 35.8 9.9 11.2 3.6 3.2 0.59 
105 107.0 0.46 39.1 ·11.4 12.7 3.4 3.1 0.62 
214.0 0.64 38.6 12.5 12.3 3.1 3. 1 0.64 
53.5 0.34 35.8 9.0 12.0 4.0 3.0 0.59 
16.5 107.0 0.40 35 . 6 9.4 12.5 308 2.8 0.62 
214.0 0.47 37 . 6 10.2 12.4 3.7 3.0 0.60 
Ca and Mg relative to K could have resulted from competition between 
NH; and K+ ions (Soawn et al •• 1960: JakobsRn. lCJfifi! KiT'h\l ~nrl M~nn<:>l 
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and Franklin, 1956; McLean, 1957; Drake and White, 1961; Franklin, 1966). 
Reduc ed K losses from plants receiving high levels of N were very 
probably due to the beneficial effects of N on longevity. Plants in 
high N plots had several green and apparently functional leaves at 
harvest, whereas those in low N plots were almost completely senesced. 
Physiological age of leaves is a major factor determining the degree of 
leaching (Tuckey and Tuckey, 1962) and this may partially explain the 
negligible K loss observed by Hanway (1962). 
Superphosphate applicat10ns induced very significant (p = 0.01) 
increases in the K content of samples collected 29 days after planting 
(table 8) . Any effects due to P were not apparent at later samplings, 
however, and the increased rate of K uptake is considered to have been 
due largely to the beneficial effects of P on establishment. Due to 
initial very rapid vertical movement of applied K, appreciably less K 
was ~robably available to poorly developed plants during the early 
stages of development. 
Gypsum applications had no effect on the uptake of K. It is 
noteworthy, however, that K fertilization significantly decreased uptake 
of both Ca and Mg.~table 10). Similar findings have frequently been 
r eported and off er one of the major objections to the use of activity 
ratios in assessing K availability (Barber, 1968). 
Table 10 Influence of K rate on Ca and Mg content of maize 
stover at seven stages during the growing season* 
Days 
K applied after 
(kg/ha) 
Percentage Ca Percentage Mg 
121anting 
0 0.35 SE = 0.0059 .33 SE = 0.0076 
29 87.3 0.31 LSD = 0.017(5%) .30 LSD = 0.022(5%) 
174.6 0.29 = 0.023(1%) .25 = 0.029(1%) 
0 0.27 SE = 0.0046 .25 SE = 0.0067 
55 87.3 0.26 LSD = 0.013(5%) .22 LSD = 0.019(5%) 
174.6 0.23 = 0.018(1%) .18 = 0.026(1%) 
0 0.23 SE = 0.0052 .23 SE = 0.0052 
65 87.3 0.21 LSD = 0.015(5%) .20 LSD = 0.015(5%) 
174.6 0.20 = 0.020(1%) .18 = 0.020(1%) 
0 0.18 .18 SE = 0.0037 
77 87.3 0.19 .16 LSD = 0.01l(5%) 
174.6 0.18 .14 = 0.014(1%) 
0 0.19 .16 SE = 0.0043 
90 87.3 0.19 .14 LSD = 0.012(5%) 
174.6 0.17 .12 = 0.016(1%) 
0 0.23 .16 SE = 0.0032 
105 87.3 0.23 .15 LSD = 0.009(5%) 
174.6 0.21 .13 = 0.012(1%) 
0 0.19 .17 SE = 0.0046 
165 87.3 0.19 .15 LSD = 0.013(5%) 
174.6 0.19 .13 = 0.018(1%) 
* Ca and Mg expressed as percent of oven dry material 
CONCLUSIONS 
On sandy variants of the Avalon soil series the problem of K 
leaching does not appear to be so much one of losing K to zones beyond 
rooting depth, but rather of maintaining a sufficiently high K status 
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in the topsoil during early growth. In the 1967/68 and 1968/69 seasons 
maize exhibited a marked yield response to K one month after planting 
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Topsoils of sandy Avalons are prone to dry out very rapidly and poor 
stands of maize frequently result from short periods of drought during 
early growth. It is consequently important that optimum seedling 
growth is ensured and small "starter" applications of K are likely to 
prove beneficial even where total K in the profile is considered 
adequate. Such "starter" applications will probably prove especially 
beneficial where smaller seeded crops, which are generally slower to 
become established, are grown. While spring ploughing and application 
of K as close as possible to the planting date is likely to ensure 
satisfactory early growth of crops such as maize, optimum establishment 
of pastures may require initial K dressings to be split. 
The sequence of leachability of various sources of K is 
KCI = KN0
3
>K 2S0 4> K2HP04> K3P0 4 = KP0 3> K2CaP207 (Munson and Nelson, 
1963). In South Africa K requirements are almost exclusively supplied 
as the chloride, nitrate and sulphate salts and use of less readily 
leached compounds may be warranted on certain soils. 
The results presented clearly demonstrate the marked effects of N 
and P on K uptake. The rooting depth of maize, which may be increased 
by as much as 50% by proper fertilization (Munson and Nelson, 1963) 
exceeds 100cm in sandy loams (Fehrenbacher and Rust, 1956) and recovery 
of K from subsoil horizons was enhanced by both Nand P dressings. 
Marked luxury consumption, also evident in other work with subsoil 
horizons (chapter 4), suggests attempts to build up substantial K 
reserves in the rooting zone will be uneconomic. Rather, there should 
be a careful apportioning of K dressings to the crop needs for that year. 
Perennial pasture crops such as Eragrostis curvula, which is grown 
extensively in northern Natal and which may be cut four or five times 
during a single season, will probably benefit from splitting the annual 
K requirement into two or more top-dressings. 
Rapid loss of K from the topsoil, significant leaching losses from 
aerial plant parts and the effects of N on both longevity and the uptake 
of K relative to Ca and Mg are likely to affect the usefulness of both 
such samples will provide a more meaningful index of plant available K 
than the l5cm soil cores presently used. Commercial concerns in South 
Africa are devoting considerable attention to foliar analysis as an 
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aid in predicting the nutritional requirements of maize. The effects 
of leaching and N on leaching and the K/Ca and K/Mg ratios will clearly 
have to be considered. Time of sampling will be vital and increased 
uptake of Ca and Mg relative to K at high levels of N could possibly 
cause a shift in the critical K requirement. 
CHAPTER 3 
A fIELD AND GLASSHOUSE EVALUATION OF SEVERAL 
POTASSIUM AVAILABILITY INDICES 
INTRODUCTION 
It has long been a source or-concern to scil sc~entists that 
the results of emp~rlpal§~traQtien techni~ues, such as those proposed 
by Margan, , __ 8ray~ Dyer, _and _truag. have only lacal significance. In 
recent years considerable ~ttention 'has Peen devoted ta devising soil 
test methods capable of more , gen~~al _ applipation. D~vel~pment and 
utilization of the conc.ept of nutr;i.ent pp~ential (Sarrow, Ozanne, and 
I 
Shaw, 1965) is oan~ide~ed to be a promising avenue of investigation. 
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Movement of any ion from the exchange complex is dependent, not 
on the absolute activity in solution phase of the particular ion, but 
rather on the ratio of the activities of all the ions concered (Boyed, 
Shubert,and Adamson, 1947). Schofield (1955) and Woodruff (1955) 
independently proposed that a soils ability to supply K to plant roots 
was measureable in terms of the activity ratio aKj,/aCa + aMg, Ca . and 
Mg being dominant cations in most agricultural soils. 
Several workers have subsequently reported on the usefulness of 
activity rat~o or intensity as a measure of plant available K. Some 
have reported favourably (Woodruff and McIntosh, 1960; Arnold, 1962a; 
Hagin and Dovrat, 1963; Moss, 1964; Ramamoorthy and Paliwal, 1962, 
1965; Feigenbaum and Hagin, 1967; Koch, 1968), and others un favourably 
(Maclean, 1960; laws, 1962; Conyers, 1966; Conyers and Mclean, 1969). 
Confounding of intensity and K level in the soil makes it difficult to 
determine a cause and effect relationship in experiments purporting to 
provide evidence for this belief, however (Sarber, 1968). Furthermore, 
initial intensity measurements give little information about the 
continued capacity of a soil to supply K (Arnold, 1962b). 
Beckett (1964a,b) developed a procedure for determining the 
..J ____ .....I ____ _ D ~_J.. ___ ~J.. • • __ ..LL _ _ . • __ ..L~L .• _ "'" ., ._ .. 
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maintain its original quantity and intensity values against depletion 
by cropping. It is presently popular to consider the availability of 
ions to plants as being a function of either labile pool or intensity 
measurements and the soils capacity to maintain these values against 
depletion . Application of the quantity~intensity (Q/I) concept, 
sometimes with minor variations has not, however, yet lead to any 
marked improvement in the diagnosis of soil fertility (Barrow, 1966; 
Zandstra and MacKenzie, 1968). 
While it seems clear that any accurate assessment of K 
availability will indeed comprise an estimate of both the instantaneous 
supply and the soil's ability to maintain this supply from initially 
nonexchangeable sources (Duthion, 1968), there is reason to question 
the ability of the Q/I approach to adequately measure these parameters. 
Much pUblicity has been given to the advantages of using a technique 
based on sound thermodynamic principles, but the ultimate dependence 
of ion accumulation by plants upon metabolic processes has been largely 
ignored. There is, in fact~considerable evidence to indicate that the 
ratio aK//aCa + aMg does not necessarily determine rate of K uptake 
(Collander, 1941; Peech and Bradfield, 1943; Viets, 1944; van Itallie, 
1938, 1948; Jacobson and Handley, 1952; Bradfield and Peech, 1953; 
Overstreet and Jacobson, 1954; Waisel, 1962; see also page 27). 
Furthermore, rapid K uptake may continue after labile pool and intensity 
parameters determined in Q/I analysis have been reduced to zero (Le 
Roux and Sumner, 1968). Also, although labile pool values determined 
by Q/I analysis are generally appreciably lower than pool values 
determined by ~ NH40Ac exchange, in many soils the fraction of soil K 
only removed by strong extractants, such as ~ HN0
3
, must be considered 
(Fraps, 1929; Pratt, 1951; Acquaye, MacLean,and Rice, 1967). 
Both fixation (Wood and De Turk, 1942; Attoe and Truog, 1946; 
Vasco da Gama, 1964) and release (Brown and Holmes, 1951; Leubs, 
Stanfor~ and Scott, 1956) of K may occur on air drying and the use of 
moist samples has been described as "one of the greatest breakthroughs 
samples. As the a/I technique and neutral ~ NH 40Ac exchange do not 
measure the same fraction of soil K, pool values determined by the 
respective techniques are possibly not affected similarly by release/ 
fixation phenomena. 
The main purpose of this work was to compare, using moist and 
aiF dry samples, indices of K availability provided by ~ NH40Ac 
exchange with indices obtained by techniques involving activi ty 
measurements and to establish the most suitable soil test method for 
determining plant available K on sandy soils of the Avalon type. 
MATERIALS AND METHODS 
Topsoil (0 - 15cm) of an Avalon medium sandy loam was used in 
both the glasshouse and field phases of this work. Selected 
physical and chemical properties of a representative profile have 
been ,presented elsewhere (table 3). Due to the practical 
difficulties involved in exhaustive cropping with maize , the crop 




Soil was collected from a site adjacent to the maize experiment, 
air dried and passed through a 2mm sieve. Five sets of eight sub-
samples, each equivalent to 11, 340g of oven dry soil, were fertilized 
with 0, 12.5, 25.0, 37.~ and ,' 50.0 ppm K as KCl, 250.0 ppm N as 
Ca(N03'2'.4H20;' ) 75.0 ppm, P as NaHl04.2H20, 22.5 ppm Mg as MgS0407H20, 
12.0 ppm ZnS04.7H20, 12.0 ppm CuS04.5H20, 12.0 ppm MnS04.4H20, 7.5 ppm 
Borax and 0.25 ppm (NH4)6 Mo 7024.4H20. The fertilized subsamples were 
firmly packed into 10 litre polyethylene pots. One pot at each level 
of K was not cropped, while the other pots were cropped with E.curvula, 
200 seeds being planted per pot. Four replications of the K treatment s 
were arran qed in a randomised blocks desion. The remaini no Dots were 
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replacement after core sampling. Pots were rotated both within and 
between replications twice weekly and daily watered to field moisture 
capacity by weighing. 
to flower initiation. 
Grass was cut 2cm above soil level just prior 
Roots were not harvested due to the difficulties 
involved in soil separation and to the fact that they probably 
contribute little to the total K uptake in exhausted soils [<4% 
according to Arnold and Close (196l)J. Quantities of N, P, Ca, and 
Mg removed by the crop were replaced in solution form after each 
harvest. 
Seven soil cores (1 300g) were removed from every pot at the 
start and after each of the first three harvests. This soil was 
replaced with soil from duplicate pots. Points of sampling were 
marked to avoid subsequent removal of soil from the same positions. 
Approximately half of each soil sample was air dried before analysis 
and the remainder analysed moist. The uncropped pots were maintained 
at field moisture capacity and sampled at the start of the experiment 
and at each harvest date to facilitate any necessary adjustment for 
fixation or release of K with increasing time of incubation. Soil K 
availability indices were correlated with cumulative yield, K% in the 
tissue, and cumulative K uptake. 
FIELD STUDY 
Soil and plant samples were obtained from a maize fertilizer 
experiment initiated in 1966 on an Avalon medium sandy loam near 
Dundee, northern Natal. Details regarding the soil, experi mental 
design and procedure, method of sampling and sample preparation, have 
. been described previously (Chapter 2). Soil samples (0 - l5cm) were 
collected one month after fertilization and planting and analysed 
for K in the air dry state, prolonged storage being unavoidable. The 
aerial portions of whole plant samples were analysed for K 55, 65, 77, 
and 90 days after planting (see page 16) and soil K availability 
indic·as correlate.d witt;) . percent.a.ge. K: <in. the .plants . 
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PLANT AND SOIL ANALYSIS 
o 
Plant extracts were prepared by ashing 2g sampl es at 450 and 
dissolution in 1+4 HCl. K, Ca, and Mg were measured flame 
spectrophotometrically , P was determined by the phosphomolybdovanadate 
method and N by the Kjeldahl procedure. 
Exchangeable soil K (Kex) was determined by shaking with neutral 
N NH OAc using a 1:10 soil to solution ratio. The Q/I parameters 
- 4 
labile pool (_~~o) , equilibrium activity ratio (AR~) ~ and potential 
buffering capacity (PBCK) were determined in accordance wi th t he 
procedure outlined by Beckett (1964b). Five 109 portions of each 
soil sample were equilibrated overnight in an end over end shaker 
(12rpm) at 20 0 :!:. 10 with 50ml of 0.001 ~ CaC12 containing 0, 8, 20 9 
30, and 40 ppm of K respectively. After centrifugation K, Ca, and Mg 
in the supernatant were determined flame spectrophotome t rically. 
Activity ratios (ARK) of the centrifugates were computed making use 
e 
of the Debye-Huckle equation. _~Ko and PBCK were computed by 
regression of AKe, the gain or loss of K from the solut ion , on ARK. e 
Correlation coefficients were computed simultaneously as a measure of 
by division of -D.. KO by PBC K• The ARK was obtained 
o 
linearity. 
equilibration of smaller quantities 
portion of the Q/I relationship was 
of soil giving rise to the curved 
not undertaken as this can be 
attributed to exchange sites exhibiting specificity for K (Becket t , 
1964c) • 
For the sake of convenience a modification of Woodruff's (1955) 
technique was used for the determination of D..F, the energy of 
exchange for the replacement of Ca by K. These values were calcul ated 
from activity ratios obtained after equilibration with the K free 
solution in Q/I analysis . 
K potential as defined by Zandstra and MacKenzi e (1968) 
(_D..Ko x PBCK) was given the notation K index A, the multipl e 
correlation of ARK and PBC K on plant K or yi eld , as used by Barrow 
o 
(1967), K index B and that using -~ KO and AR~ , K i ndex C. 
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RESULTS 
Despite top grain yields in the field experiment in excess of 
9,500 kg/ha and the absence .of significant yield responses to K, all 
treatments in the pot experiment were K deficient after the first 
harvest. At this stage soil K status of pots receiving the highest 
K application had been reduced below the unfertilized level, which 
was K deficient during the first cropping (tables 11 and 12). The 
Table 11 Potassium availability indices in an Avalon medium sandy 
loam as affected by K fertilization and cropping in pots 
with E.curvula 
K availability index 
Sampling K a%lied _~Ko AR§ . ~F Kex 
stage (mg pot) (me %-) . l (M.·t] (cals/equiY;f" (me%) 
moist air moist air moi st 
air moist air 
-dr:l dr:l dr:l dr:l 
nil .13 .14 . • 028 .025 ~3163 ~3097 .15 .15 
141.8 .16 .15 .031 .030 -3021 -3001 .18 .20 
At start 283.6 .20 .19 .035 .038 ~2915 =2892 .21 .22 
425.4 .23 .21 .042 .043 ~2838 =2816 .25 .24 
567.2 .27 .24 .045 . 056 ~2765 ~2744 .28 .28 
nil .05 .05 . 007 .007 ..,3698 -3728 .06 .10 
At 1st 141.8 .05 .04 .008 .007 
~3708 -3686 .08 .08 
harvest 283.5 .06 .05 .009 .008 -3545 -3640 .09 .13 
.' , 425.4 .09 .07 .015 .012 -3372 -3468 .11 .11 
567.2 .10 .09 .015 .013 -3332 -3377 .12 .13 
nil . 01 .05 .001 . 003 -4515 =3698 .04 .04 
At 2nd 141.8 . 01 . 01 .001 . 001 -4372 -4255 .04 .05 
harvest 283.6 .01. .04 .001 . 003 -4209 -4073 .04 .04 
425 . 4 .01 .05 .002 .004 -4316 -4003 .04 .04 
567.2 .02 .03 .003 .002 -4127 -3964 .05 .04 
only visible symptom of deficiency up to the fourth harvest was early 
wilting. During the fourth crop, however , all pla~ts developed a weak 
chlorotic appearance, lower stems and leaf sheaths being worst affected . 
In addition regrowth was poor and a high percentage of plants failed to 
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Table 12 Ef fe cts of di ffe r ent i al K f erti l i zation on yie1 d ~ 




Date of K applied yield oven dry K uptake K percent in 
harvest , (mg/pbt) materi al · (mg/pot) 
oven dr y 
(9Leot2 ' mater i al 
nil 29 035 333 1.13 
141.8 29 . 11 348 1. 19 
283.6 31.05 375 1.20 
6/11/67 425.4 
31 079 416 1. 31 
567 . 2 32 . 04 491 1. 53 
SE = 0049 SE = 15 SE = 0. 05 
LSD = 1.51(5%) LSD = 46(5%) LSD = 0. 16 ( 5%) 
2.10(1%) 64(1%) = 0.22(1%) 
nil 31.60 266 0. 85 
141.8 32 . 33 300 0 093 
283 . 6 32 . 02 321 1.00 
14/12/67 425 . 4 33 . 85 387 1. 14 
567 . 2 32 . 78 397 1.22 
SE = 0.71 SE = 9 SE = 0.03 
LSD = 2.16(5%) LSD = 27(5%) LSD = 0.07(5%) 
3.01(1%) 37(1%) 0010(1%) 
nil 28.37 167 0. 59 
141.8 27 . 99 172 0062 
283.6 31.21 211 0.68 
12/1/68 
425.4 30.75 235 0. 76 
567.2 31.81 270 0.85 
SE = 0.75 SE = 5 SE = 0.01 
LSD = 2.30(5%) LSD = 15(5%) LSD = 0.04(5%) 
3.22(1%) 21(1%) 0005(1%) 
nil 24.56 77 0.30 
141.8 25.06 78 0.31 
283.6 23.95 82 0. 35 
19/2/68 425.4 24 . 05 90 0.37 567.2 26.06 108 0.42 
SE = 0088 SE = 3 SE ::: 0001 
LSD = 2070 (5%) LSD = 8(5%) LSD ::: 0004(5%) 
3.76(1%) 11 (1%) 0006 (1%) 
nil 11.89 40 0. 31 
141.8 11 . 50 40 0.35 
283.6 11.82 43 0. 36 
28/3/68 
425.4 13 . 76 53 0039 
567 . 2 14.29 59 0. 41 
SE = 0.83 SE = 2 SE ::: 0. 02 
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Appl i cations of K after termi nation of the experiment resul ted in 
rapid regrowth. Although the soi l tests used fai led to detect 
significant differences between treatments after the second cut and 
yield differences were irregular after the first harvest , signi f icant 
and consistent differences in K content and uptake were evident up t o 
th~ final harvest (tables 11 and l~). 
Correlation coefficients established between the various soi l K 
indices measured and cumulative yield of E. curvula, K% in the tissue 
at five cuts, and cumulative K uptake i ndicated that predictabili t y 
generally decreased in the order cumulative K uptake > K per cent > 
cumulative yield (tables 13, 14 , and 15). After the second cut K 
percent in the tissue correlated best with soil test, pr obably due t o 
the very similar yields obtained . Although correlations obt ained 
using moist soil samples indicated that all parameters measur ed provided 
essentially similar indices of K availability, the curves in f i gure 5 
Table 13 Correlation coefficients relating K availability i ndi ces 
on moi st and air dry soil samples to cumulati ve K uptake 
by E. curvula in pots 
Number Kex _~ KO ARK K index A 
K K ~ F 
of 
0 
i ndex ( cal s/ 
(me%) (me%) [ fl ~J [<me%)2x. !!-t] 
i ndex 
Crops B C equivJ 
Moist samples 
1 .7800 .7842 .7706 . 7427 . 7707 07918 . 7487 
2 .9116 . 8957 .9130 . 8911 . 8900 . 9132 . 8720 
3 .9570 .9439 .9548 .9438 . 9547 .9550 . 9176 
4 .9561 .9529 . 9638 .9449 .9637 .9649 09238 
5 .9680 .9549 . 9672 .9471 .9671 . 9~81 .9251 
Air dry samples 
1 07433 .7891 08043 .5759 08085 08084 07497 
2 .7867 .8865 .9030 .7074 . 9034 .9113 .8788 
3 .8964 .9424 .9496 .7652 09495 .9277 .9356 
4 .9061 .9503 .9611 .7640 .9610 . 9503 .9421 
5 .8854 .9624 .9639 .7639 .9638 09646 .9439 
n := 1 R_ \I ::Illl""~ ",,,,,nl li ",,,,rl f'n'" o i nnif' ir" ont""o 10 II'U~ (0 _ n nt:; ' 
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Table 14 Correlation coefficients relating K availability indices 
on moist and air dry soil samples to percentage K in 
E. curvula in pots 
Number _6Ko ARK K index A 
K K 6F 
of Kex 0 index index (cals/ 
(me%) (me%) [fL tJ [ 2 ~1.. ] Crops (me%) x fL 2 8 C equiv.) 
Moist samples 
1 .7677 .7597 .7608 .7150 .7665 .7641 .7124 
2 09495 .9342 .9515 .9408 .9464 09516 .9274 
3 .8998 .9058 .9198 .8982 09140 .9206 .8731 
4 .8705 .8656 08652 .8519 .8467 .8606 .8297 
5 .7469 .7470 .7396 .7381 .7368 .7482 .7480 
Air dry samples 
1 .7398 .7405 .7930 .4948 .7864 .8143 .7234 
2 .9043 .9261 .9261 .7628 .9490 .9310 .9375 
3 .8551 .9060 09175 .7262 .9081 .9183 .8857 
4 .8094 .8697 .8768 .7113 .8757 .8782 .8502 
5 .7280 07454 07356 .5839 .7481 .7365 .7472 
Table 15 Correlation coefficients relating K availability indices 
on moist and air dry soil samples to cumulative yield of 
E. curvula in pots 
Number Kex _~Ko ARK K index A 
K K D.F 
of 
(me%) (me%) [ fLOt J [(me%)2 x fL-t] 
index index (cals/ 
Crops 8 C equiv.) 
Moist samples 
1 .5662 .5625 .5287 .5846 .5437 .5625 .5556 
2 .5350 .5206 .5441 .5571 .5768 .5464 05360 
3 .6418 .6404 .6412 .6666 .6620 .6441 .6434 
4 .6882 .6876 .6843 .6917 .6840 .6897 06747 
5 .7632 .7523 .7651 .7609 .7646 .7654 .7397 
Air dry samples 
1 .4968 .5864 05627 .5809 .5490 .5829 .5710 
2 .4835 .6321 .6320 .6317 05045 . 5683 .5425 
3 .5784 06619 .6649 .6613 .6163 .6708 .6550 
4 .6378 06972 .6795 06240 . 6795 .6979 .6876 
demonstrate a somewhat superior agreement between K appli ed and Kex. 
When soil samples were air dried prior to analysis, changes in the 
relationship of soil test to plant uptake were apparent (fig. 5). 
Marked reduction in predictability due to air drying only occurred in 
the cases of Kex (94% - 74%) and K index A (90% ~ 58%), however . The 
decrease in prognostic value of K index A suggested that PBCK changes 
A 0 K 
may have occurred on drying (see qhapter 5) . While -uK, AR , and o 
K indices Band C were not significantly affected by drying, the 
generally decreased values of _~Ko and increased values of ARK on 
o 
drying (fig. 5d,f) was also indicative of PBCK changes. The 
experimental procedure, however, precluded a satisfactory statistical 
test of this effect. 
While total removal of K was in excess of Kex, rate of uptake 
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was approximately proportional to this fraction of the soil K, all pots 
having become depleted at almost the same time regardless of initial K 
status or yield of plant material (table 16). 
Table 16 Influence of exchangeable K on the rate of K uptake, 
by five successive crops of E.curvula grown in pots 
Native plus Percent of initially exchangeable K added K 
measured recovered in tops 
initially 
(mg/pot) 1 Crop 2 Crops 3 Crops 4 Crops 5 Crops 
665 50 90 115 127 133 
798 44 81 103 113 118 
931 40 75 97 106 III 
1109 38 72 94 102 107 
1242 39 72 93 102 107 
Analysis of soil from uncropped pots indicated that meaningful 
release or fixation of K had not occurred over the five ' month period 
of experimentation. 
Correlation coefficients established using soil and plant samples 
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Fig . 5 Relationship between potassium uptake b~ E. curvula 
and six potassium availability indices 
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Correl ation coefficients r elating K availability indices 
on ai r dr y soil samples t o pe rcentage K in fi el d maize 
a t fo ur sampling times . 
Kex - 15. KO 
(me%) (me%) 
AR~ K index A K K 
i ndex 
C 
.6. F K 
[' fl ~] [(me%) 2x fl -~ 1 in~ex (cals/ applied equiv~ (kg/ha) 
.7144 .7684 .5670 
.8096 .8350 .5788 
.7201 .7869 .5384 





. 6627 .7732 .7606 
.7360 .8367 .7877 
.6612 .7890 .7552 
.7073 .8234 .8050 
Values required for signifi cance = .2172 (p = 0.05) 
.2830 (p = 0.01) 





dri ed and that the stress on K reserves must necessari ly have been 
considerably less , since there was no yield response to K (chapter 2), 
the value of Kex relative to the other parameters was somewhat greater 
than where dry samples were used in the pot trial . While co r relation 
coeffeci ents obtained usi ng Kex , _6Ko, and K i ndex C were not 
K s i gnificant l y di ffe r ent , ~he prognostic values of AR , K index A, and 
o 
K index B we r e all s i gnificantly inferior. The decrease in t he 
prognosti c value of ARK was especially marked . It i s parti cularly 
o 
noteworthy tha t, as was the case in pot exper imentation , the prognosti c 
value of K index A was poor relative to _.6.Ko . Thi s again i ndicated 
K 
that PBC was not constant. The consi stent superi ori ty of K i ndex B 
K 
over AR also sugges t ed a meani ngful relationship between K status and o 
PBcK. 
DISCUSSION 
In both f i el d and glasshouse studi es Kex pr ovi ded a satisfactory 
i ndex of pl ant avai lable K and use of more laborious and complicat ed 
techni ques based on the concep t of nutrient potent i al does not appear 
wa r ranted on sandy soils of the Avalon seri es . 
While the pr ogno stic value ~ Kex was reduced i n pot experimentation 
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significant. Similar findings regarding the effi cacy of Kex were 
reported by Barr ow (1966) , but it was suggested that under field 
conditions its importance might diminish ? K supply seldom being so 
severely depleted as in pots. Results obtained from the field tria1 9 
however, indicated that this was not the casso The relative value of 
Kex was rather improved, while the importance of AR~, K index A and K 
index B diminished significantly~ 
The fact that the Avalon medium sandy loam exhibits little 
release or fixation of K on air drying and contains abnormally low 
reserves of nonexchangeable K cannot be overlooked. Many Natal soils 
release highly significant amounts of K on air drying and the efficacy 
of exchangeable K as an index of K availability may conceivably be 
affected to a greater degree than techniques involving the measurement 
of nutrient potentials. Most Natal soils, however, also contain 
meaningful quantities of nonexchangeable K and if the efficacy of Kex 
is likely to decrease in such soils (Fraps, 1929; Pratt, 1951; Acquaye ~ 
Maclean and Rice ~ 1967), the value of indices involving the measurement 
of labile pool (_~Ko) will in all probability diminish further, labile 
pool representing a less firmly held portion of the soil K. Evidence 
substantiating this surmise has been obtained in subsequent work 
(chapter 4). 
A detailed study of the soil used in this work has shown that 
the PBC
K 
is significantly altered by both air drying and K fertilization 
(chapter 5) and results of both the glasshouse and field experiments 
suggest that such changes are meaningful with regard to the prediction 
of K requirements. While PBCK changes have also been noted by Beckett 
(1964b) , Beckett et aI" (1966) and Beckett and Nafady (1967), such 
changes have not previously been considered meaningful. It is note~ 
worthY1 that no changes in pH, a factor known to alter the form of t he 
a/I relationshi p in soils with pH dependent charge (Tinker, 1964) , we r e 
detected in either the glasshouse or field studies. 
Incidental information, which has emerged from these investigations, 
suggests that field crops probably draw extensively on subsoil K r eser veso 
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(0 - 15cm) of plots not fertilized with K by an amount greater than the 
first crop of Eo curvula (figo 2), yield responses were not recorded 
until the fourth season. Since the first grass cut was obtained after 
76 days, a period of time closely approximating the active uptake 
period of field maize, and roots had not yet fully exploited the 
available rooting volume, marked demand differences can be discountedo 
Furthermore, as K release from nonexchangeable sources in the field 
was, after two seasons, similar to that recorded in pots (tables 6 and 
16), differences were apparently not due to any inherent ability of 
maize to extract K more efficiently. 
Since all K treatments in pot experimentation became depleted at 
approximately the same time regardless of initial K status (table 16) 
and applications in excess of 284 mg/pot produced no significant 
increase in yield (table 12), there appears to be little advantage in 
attempting to build up K reserves in the surface horizon of soils of 
this type. 
CHAPTER 4 
POTASSIUM AVAILABILITY IN THE PROFILE OF AN AVALON 
MEDIUM SANDY LOAM AS MEASURED BY SEVERAL SOIL TEST 
METHODS AND EXHAUSTIVE CROPPING IN POTS 
INTRODUCTION 
Evidence obtained from field and pot studies (chapters 2 and 3) 
has shown that maize grown on an Avalon medium sandy loam is capable 
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of obtaining considerable quantities of K from below 15cm, the sampling 
depth commonly used in Natal for determining soil fertility requirementso 
Leaching studies have also demonstrated 'rapid vertical movement of 
applied K under field conditions (chapter 2), and it is considered that 
tests on soils of this type may not prove meaningful unless subsoil K 
status is taken into account. 
In field and glasshouse comparisons using topsoil (0 = 15cm) 
techniques proposed by Beckett (1964b) and Woodruff (1955), which involve 
the determination of activity ratios (aKI/aCa + aMg), provided very 
similar indices of K availability to the classical empirical extraction 
with neutral ~ NH40Ac (chapter 3). Preliminary analyses by these 
methods, of soil samples taken down the profile and which were considered 
to comply with the requirement of comparable Ca and Mg status (Beckett, 
1964b), however, resulted in significantly different measures of K 
status. Whereas ~ NH 40Ac extractions indicated that K status below 
60cm was considerably higher than in the topsoil (0 - 15cm), both pool 
of labile K(_~Ko) and equilibrium activity ratio (ARK), measured using 
o 
the quantity-intensity (Q/I) technique (Beckett, 1964b) and intensity 
measured as the energy of replacement of Ca by K (~F) as suggested by 
Woodruff (1955), failed to indicate this. 
Barrow (1966) has demonstrated the need to also consider the soils 
capacity to resist a change in potential (Beckett ' s potential buffering 
K) A 0 K capacity or PBC • Even joint consideration of -uK and PBC , however, 
failed to entirely reconcile these differences. 
Clearly, i f subsoil horizons are considered information already 
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(chap t er 3) i s of little value and the effects of physical and chemi cal 
changes down t he profile on i ndices of K availabi l ity wil l have to be 
assessed . 
Accordi ng to Le Roux and Sumner (1968) results obtained using 
empirical extraction techniques are of little value in Natal, due to the 
large vari ation i n soils over relatively short distances . There is, 
however, little experimental evidence to suppo r t this claim . Further-
more, although these authors have shown that the Q/I parameters _~Ko 
K and AR are closely related to level of applied K, techni ques involving 
o 
intensity measurements have not yet been shown to lead , to any marked 
improvement in the diagnosis of fertility (Barrow, 1967; Koch, 1968; 
Zandstra and MacKenzie, 1968) . 
The purpose of this study was to compare K availability indices 
suppli ed by empirical extractions using ~ NH 40Ac at pH7, 0.01 ~ CaC1 2, 
0.001 ~ CaC1
2 
and ~ HN0 3 with indices obtained from techniques involving 
i ntensity measurements in six horizons of an Avalon medium sandy loam . 
MATERIALS AND METHODS 
Six bulk soil samples were collected in 15cm increments to a 
depth of 90cm from a site adjacent to that used in previous field and 
pot studies (chapters 2 and 3) . Samples were air dri ed and ground to 
2mm with a wooden roller, care being taken to retain all pli nthite 
present in subsoil horizons . Although hard after exposure to the 
atmosphere, thi s plinthite was soft and considered an active part of 
the soi l matri x in situ . Soils were analysed air dryas K release/ 
fixation had previously been shown to be negligible when samples were 
not fertilized with K. Af ter thorough mixi ng , each bulk sample was 
sub- sampled and the fol l owing K availability indi ces determi ned. 
1 . Neutral ~ NH40Ac exchangeable K (Kex) as desc r ibed earlier 
(chapter 2) . 
2. Percentage K saturation of the exchange complex . 
previousl y (chapter 3) and a constant soi l 
of 1:5. 
solution rati o 
4. Equilibrium activity ratio (AR~) obtained in (3) above . 
5. The energy of exchange of Ca by K (AF) obtained from the minus 
K solution in (3) as described earlier (chapter 3) . 
6-10. K extractable with 0. 001 ~ CaC1 2 after 8 hours shaking end over 
end with soil: solution ratios of 1:10, 1:25, 1:50, 1:75, and 
1:100 . 
11 . K extractable wi th 0. 01 ~ CaC1 2 after 8 hours shaking end over 




releasa~le K determined as described previously (chapter 2) . 
13. K index A (_AKo x PBCK) obtained from values established in (3) 
above . 
Equilibrations with 0.001 ~ CaC1 2 in soil : solution ratios of 
1:10, 1:25, and 1:50 were also used" to obtain the 
Q/r relationship by computing A K and ARK values 
e e 
curved portion of the 
as in (3) and (4). 
Six portions of each soil horizon equivalent to 1250g of oven dry 
material were placed in one litre polyethylene pots after thorough mixing 
with 250 ppm N as NH4N03 , 100 ppm P as Ca(H2p04)2.2H2o, 12 ppm ZnS04• 
7H2o, 12 ppm CuS04. 5H2o, 12 ppm Borax and 0. 25 ppm (NH4)6 M07024 .4H2o. 
A further 250 ppm N was applied after the second cut . One hundred rye 
grass seeds (Lolium perene cv Ariki) were planted per pot and the pots 
arranged in a Latin square design. All pots were watered to field 
moisture capacity twice daily by weighing until after the third cut . 
From this stage, due to the greatly reduced growth rate, only a single 
watering per day was necessary. Grass was cut approximately lcm above 
soil level when the best plants had attained a length of approximately 
15cm. Harvested plant material was dri ed in a forced draught oven at 
90 0 , weighed and mi lled . K content of the plant tissue was determi ned 
flame spectrophotometrically after 30 minutes extraction of 0. 2g wiih 
I';nml 1\1 I\I~ nil,., 
the K indices measured o I n addition multiple correlations were 
calculated between K uptake and ARK and PBCK (K index B) and K uptake 
o 
and -D. KO and ARK (K index C) . 
o 
Pertinent physical and chemical properties of the six horizons 
have been presented elsewhere (table 3) . 
RESULTS 
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Notwithstanding marked yield differences, which first became 
apparent shortly after germination, characteristic K deficiency symptoms 
did not appear until the third cropping, during which plants in the two 
surface horizons died (plate 4) . 
Plate 4 Growth of L. perene in six horizons of an Avalon 
medium sandy loam immediately prior to the third 
cut 
Although yield and K uptake by plants i n the two deepest hori zons 
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tissue had dropped to virtually the same level in all pots by the third 
cut (table 18). 
Table 18 Mean dry matter yield, K percent, and K uptake by 
three crops of L. perene grown in six horizons of 
an Avalon medium sandy loam 
Days Soil Yield K uptake 
after horizon (g/pot) K% (mg/pot) 
Planting {cm} 
0-15 1. 75 2.57 44 . 5 
15-30 1.47 2.53 37.0 
48 30-45 1. 24 
2.43 29 . 9 
45-60 1.15 2.30 25.8 
60-75 2.44 2.89 70.4 
75-90 3. 70 3.31 122.3 
SE = .0.050 SE = 0.084 SE = 1.49 
LSD = 0.14(5%) LSD = 0.24(5%) LSD = 4.5(5%) 
0.20(1%) 0.34(1%) 5.0(1%) 
0-15 2.52 1.03 26.0 
15-30 2.21 1.37 29.9 
82 30-45 1. 50 1.38 20.6 
45-60 1. 54 1.40 19.1 
60-75 3.66 1. 51 53.5 
75-90 4.43 1. 74 76.8 
SE = 0.103 SE = 0.050 SE = 0. 82 
LSD = 0.30(5%) LSD = 0.15(5%) LSD = 2.4(5%) 
0.42(1%) 0.20(1%) 3.5(1%) 
0-15 1.30 0.92 12.0 
15-30 1.28 1.01 13.0 
126 30-45 1.42 1.06 14.1 
45-60 1.69 0.88 14.4 
60-75 5.43 0.88 47 . 7 
75-90 7.76 0.94 72.9 
SE = 0. 183 SE = 0.027 SE = 1. 63 
LSD = 0. 53(5%) LSD = 0.19(5%) LSD = 4.7(5%) 
0.74(1%) 0. 27(1%) 6.6(1%) 
In the first three crops uptake of K appeared to be roughly 
proportional to Kex, similar percentages of this pool being removed by 
each crop (table 19) . 
Plants growing in the 30-45cm and 45-6ocm horizons died after 
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Table 19 Cumulative K uptake by L. parene grown on six horizol s 
of an Avalon medium sandy loam and percentage of total 
K obtained from initially nonexchangeable sources 
Kex in (mg/pot)* Soil uncropped 
Cumulative K uptake 
horizon 
(cm) 
soil 1 2 3 
{m~3L:~~ot~ cro~ cro~s cro~s 
0-15 78 45 71 83 
15-30 73 37 67 80 
30-45 68 30 51 65 
45-60 58 26 45 59 
60-75 169 70 124 172 
75-90 271 122 199 272 
* ... 
Img K/pot contained in seed 
excludes K contained in roots 
4 5 6 
cro~s cro~s cro~s 
67 68 
63 67 
188 198 20-6 
297 312 324 
Percentage 
K 7 released 
cro~s 
6. 4 
9 . 6 
15 ~ 5 
208 23.1 
328 2100 
after the seventh crop. Presumably growth after the thirq cut was 
" 
sustained by release from originally nonexchangeable sources ~ Such 
release increased markedly below 45cm and was in excess of 20% in the 
two deepest horizons (table 19). '. Indices of K availability are presented in table 20 and correla~ 
tions between these and plant uptake in table 21 . 
t" 
Kex proved to have the best prognostic value . li HN03 releasable 
K did not initially prove to be significantly correlated with uptake, 
but not unexpectedly provided an improved index as K depletion progressed 
and initially nonexchangeable K played an increasingly important role. 
Labile p'ool (-/j. KO ) and intensity measurements (ARK and A F) proved to 
o 
have poor prognostic value. Q/I parameters considered jointly (K 
indices A, 8,and C), however, provided greatly improved measures. The 
superiority of K indices involving P8C K measurements (K indices A and 8) 
over that derived from joint consideration of labile pool and equilibrium 
activity ratio (K index C) was probably due to the compounded errors 
produced in these two parameters by slight errors in the determination 
of PBcK . 
Although labile pool values established by linear extrapolation 
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Table 20 Thirteen indices of K availability in six horizons 
of an Avalon medium sa.ndy loa.m 
K Soil depth increment 
availability Units 
index 0-15 15~30 30=45 45~60 60-75 75=90 
Kex 0.16 0.15 0.14 0012 0.36 0. 5B me% 
_~Ko 0013 O.OB 0010 0002 DoOB 0.17 " 
ARK O.021g 0.01B2 000112 0.0014 0.0037 0. 0071 M~ 
0 
~F =2975 -3165 =32BO -3960 =34BO ~3145 cals/equiv. 
-I:::. KO x PBCK OoBl 0035 00B9 0023 l.B3 403B (me%) 2x .IT =~ 
0.01 ~ CaC1 2 
1:100 
0015 0 0 13 0010 0 0 05 0.13 0.26 me% 
0.001 ~ CaC12 0.15 0010 0007 0003 0.05 O.OB " 1:10 
00001 ~ CaC12 0.19 0011 O.OB 0.03 0011 0.13 " 1:25 
0.001 ~ CaC1 2 0019 0015 0.10 0.04 0017 0.17 " 1:50 
0.001 ~ CaC12 0017 0.15 0 . 14 0 0 10 0.15 0.23 " 1:75 
O. 001 ~ CaC1 2 O.lB 0.15 0 0 13 0.10 0.16 0 . 23 Ii 1:100 
Ii HN0 3 0 0 20 0021 0.2B 0 0 41 0.60 0 0 74 " relea.sable 
% K 9. 9 B.9 4.3 2. 6 4. 3 6.4 saturation 
have resulted if K held at sites showing a more specific affinity for K 
and represented by the curved portion of the Q/I relationship (Beckett, 
1964c) had been taken into account (fig. 6) . It was considered, however, 
that the asympt otic extrapolations required to obtain these values would 
have been subject to unacceptable error . 
CaC1 2 equilibrations failed to indicate that the 60 ~ 75cm horizon 
contained significantly greater quantities of plant available K than the 
surface horizon . Even in the first crop, however9 uptake from th e deeper 
horizon was significantly (p = 0 001) greater (table 1B). 
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Fig. 6 Quantity-intensity relations in six 
horizons of an Avalon medium sandy 
loam 
Table 21 Correlation coefficients relating soil K availability 
indices to cumulative uptake by L. 12erene 
K Number of crops 
availabili ty 
1 2 3* 4 5+ 6 7 index 
Kex .9909 .9951 . 9989 .9994 .9991 .9989 .9899 




K index A .9798 .9712 .9718 .9713 • 9698 .9687 . . 9688 
K index B .9643 .9847 . 9709 .9730 .9738 .9748 .9747 
K index C .9229 .9070 .9139 • 8660 . 9195 . .8586 .8588 
0.001 l! CaC12 1:100 .8827 .8656 .8320 .8183 ns 
0 . 001 ~ CaC12 1:75 .8823 .8614 .8304 .8160 ns 
0.01 ~ CaC12 .9133 .8965 1:100 .8676 . 8536 .8430 .8400 .8398 
Ii HN0 3 ns .8513 .8818 .9012 .9018 .9041 .9044 releasable 
% K ns saturation 
0 . 8114 P = 0.05, 0.9172 P = 0.01, 0.9701 P = 0.001 
* : growth ceased in 0 ·- 15cm and 15 30cm horizons 
t . 
growth ceased in 30 - 45cm and 45 60cm horizons 
unrelated to plant uptake. 
DISCUSSION 
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The main aim of this study was to determine what influence subsoil 
sampling of an Avalon medium sandy loam has on the efficacy of a number 
of soil testing techniques. 
The data reported indicate that Kex provides an excellent index of 
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acceptable index, all that i s usually expected of a soil test, but 
proved to be closely related quantitatively to cumulative plant uptake 
by the t i me deficiency symptoms first appeared (fi g. 7) . This 
supports the view that Kex represents that portion of the soil K 
readily available to plants (Wiklander, 1958). Plants take up the 
bulk of their nutrient requirements from the soil solution, supply to 
root surfaces being largely dependent upon diffusion or exchange 
diffusion (Barber, 1968). Where the supply of K is low the relative 
importance of exchange diffusion, the interdiffusion of K with another 
+ 
ion such as H30 
ions are thought 
moving away from the root, increases. 
+ 
to have similar abilities to replace K 
+ + 
H30 and NH4 
in the clay 
lattice (Rich, 1964) and the proportion of K+ ions replaceable by 
~ NH
4
0Ac is probably s i milar to that replaceable by H30+ ions generated 
at root surfaces. 
In this respect results obtained are consistent with the findings 
of plant physiologists in which uptake has been shown to be 
approximately proportional to the K concentration in solution (Nye, 
1968). 
Individual quantity (-~ KO) and intensity (ARK and ~F) parameters 
o 
on the other hand, proved to be poorly related to plant uptake, even 
though these values were well correlated with plant uptake when only 
topsoil was considered (chapter 3). Use of quantity and intensity 
parameters independently, however, although not an uncommon practice, 
is not justified unless capacity factors are fairly constant . These 
parameters are not universal functions of plant available K and when 
used without a capacity factor must reduce the 0/1 approach to the same 
level of empiricism as techniques involving normalised electrolytes o 
As such they are subject to the very problems of localised significance 
this approach was presumably developed to overcome . Results presented 
demonstrate the importance of considering a capacity factor and support 
the findings of Barrow (1966) and Zandstra and MacKenzie (1968) . 
Even joint consideration of any two 0/1 parameters, sufficient 
to characterise a soil with regard to the supply of K and the soil's 
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labile pool (_~Ko) and intensit~ expressed either as equilibrium 
activity ratio (ARK) or the free energy of exchange of K for Ca (~F), 
o 
are uniquely related to plant availability. 
evidence to indicate that this is the case. 
There is, however, little 
The results of much 
correlative work purporting to provide evidence for this belief (Barrow, 
1966; Le Roux and Sumner, 1968; Koch, 1968) are confounded somewhat by 
the overwhelming importance of very readily available fertilizer K or 
the absence of significant quantities of less available adsorbed K. 
Beckett (1964b) has stated that the form of the Q/I relationship 
almost certainly regulates the uptake of K over short periods. The fact 
that when the first cut was taken roots in duplicate pots had not yet 
exploited the whole rooting volume, however, suggests that regardless 
of the veracity of this statement, such periods are so short as to be of 
little practical significance. At this stage plants had not depleted 
the total labile pool of K originally available in the surface horizon, 
but had exhausted that originally present in the 60 - 75cm horizon. 
Yet uptake from the deeper horizon was considerably greate~ ~, (table i9) . 
It would consequently appear that any "short term" Q/I dependency is 
likely to be overshadowed in a soil-plant system by non Q/I dependent 
"long term" uptake. The statement that response to K under field 
conditions will depend mainly on the labile pool at the beginning of 
the season (Le Roux and Sumner, 1968) must then be considered question-
able. This, it is considered, is only likely to be the case where 
soils have little capacity for K release or fixation, such as the 
surface horizon of the soil investigated here, where ' fertilizer K is 
of overriding importance or where soils have a similar PBC K, in which 
case labile pool measurements provide a satisfactory specific index of 
some larger pool. Approximate agreement between Kex and pool estimated 
by asymptotic extrapolation of the' Q/I curves established for the six 
horizons described here is evidence of some such larger critical pool . 
Labile pool established by linear extrapolation in the Q/I relationship 
appears to be merely an index of plant available K, which generally 
dimini~hes in relation to actual 0001 with inn~~R~~ in nlRv n~~r~n~~n~ 
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There is little evidence to support the view that plant uptake 
of K is dependent upon the ratio aKI/aca + aMg, a basic assumption 
about which the application of techniques involving intensity measure-
ments necessarily hinge. On the contrary, there is considerable 
evidence to indicate that K uptake is either unaffected or enhanced 
by increased concentrations of Ca (Peech and Bradfield, 1943; Viets, 
1944; Van Itallie, 1938, 1948; Overstreet, Jacobson and Handley, 1952; 
York, Bradfield and Peect:1, .1953.; , faw?y, Overst'reet and Jacobso,f'),1954; 
Jacobson, Moore and Hannapel, 1960; Waisel, 1962). Divalent ions 
apparently affect the selective p-ermeabili ty of the outer protoplasmic 
barrier of cells involved in ion uptake (Waisel, 1962). Furthermore, 
recent work by Conyers and McLean (1969) has shown that sand dilution 
may cause intensity measurements to reverse direction while plant 
uptake continues to decrease. 
Correlations between ~ HN0 3 releasable K and plant uptake improved 
with time as initially nonexchangeable K played an increasingly 
important role and it is possible that under field conditions, when 
growth rate and rooting intensity are considerably lower, the 
importance of such sources of K would be increased. Pot techniques 
will not, however, distinguish between releases of less readily avail-
able K, which may contribute towards maximum field crop growth and those 
which occur only at starvation levels. 
CHAPTER 5 
EFFECTS OF K RELEASE AND FIXATION ON 
OUANTITY-INTENSITY RELATIONS IN , AN 
AVALON MEDIUM SANDY LOAM 
INTRODUCTION 
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The importance of K release and fixation in the dynamics of soil 
K has long been recognised . Clay type, moisture content, per centage 
K saturation, temperature, and time are some of the factors thought 
to be intimately involved (Leubs, Stanford, and Scott, 1956; De Mumbr um 
and Hoover, 1958; Mortland, 1958; Matthews and Sherell, 1960; Haagsma 
and Miller, 1963) . 
Rapid vertical movement of applied K, marked luxury consumption 
and small release of K in pots cropped to exhaustion with rye gr ass 9 
suggested that release and fixation of ~ NH 40Ac exchangeable K was of 
little practical signicance in an Avalon medium sandy loam (chapt ers 
2, 3, and 4) . Nevertheless, K equilibrium shifts, which occurred on 
air drying soil from pots and field plots differentially fertil i zed 
with K, were large enough to adversely affect the prognostic value of 
soil tests (chapter 3). There was evidence that the form of the K: 
(Ca + Mg) exchange isotherm was affected . Using Beckett's (1964a , b) 
quantity-intensity (0/1) technique, high levels of K fertilization 
appeared to result in a reduction in potential bufferi ng capaci ty 
(PBC
K
), while air drying lead to changes in the labi le pool of K 
(-~ KO) and the equilibrium activity ratio (ARK) sufficiently dispro-
o 
portionate to significantly reduce the value of Zandstra and 
MacKenzie's (1968) K potential ( _~Ko x PBC K) (chap t er 3) . 
Differences in the form of the 0/1 relati onship between K 
depleted and K fertilized plots have been repo r ted (Matt hews and 
Beckett, 1962) . It is generally considered, however, that the s l ope 
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affected by K fertilization or depletion, by fixation of added K, or by 
the release or fixation of K on air drying (Beckett, 1964b; Beckett 
et alo, 1966; Beckett and Nafady, 1967a; Moss, 1967). 
The aim of this study was to promote K equilibrium shifts by 
fertilizing with K, incubating for various periods at different 
moisture contents, and air drying prior to analysis, and to ascertain 
whether release and fixation phenomena do, in fact, significantly alter 
the Q/I relations of an Avalon medium sandy loam . 
MATERIALS AND METHODS 
Topsoil (0 - 15cm), collected from a site adjacent to that used 
in the field and pot studies described previously (chapters 2, 3, and 4) , 
was air dried, ,ground to < 2mm, and thoroughly mixed o The bulk sample 
was divided into four equal parts each of which received different 
levels of K as KCl (0, 0 0 067, 0.134, and 0. 26B me%)o After further 
careful mixing each portion was split into three equal parts which were 
brought to 30%, 70%, and 100% of field moisture capacity respectivelyo 
Sixteen bottles were allocated to each of the 12 K-moisture combinations, 
half filled with soil (± 160g) and coded for K level , moisture content, 
time of incubation (2, 4, 16, and 20 weeks), and treatment prior to 
analysis (none and air dried), each treatment combination being 
duplicatedo The two replications were placed on separate shelves in a 
constant temperature room (20 0 ± 1 0 ) and the treatments positioned 
randomly within each replication. 
by removing the lids. 
Bottles were aerated twice weekly 
After each incubation period neutral li NH
4
0Ac exchangeable K 
~ , K K 
(Kex) and the Q/I parameters -~ KO , AR , and PBC were determined as 
o 
described in chapter 3. ~ation exchange capacities of 12 air dry K~ 
moisture content combinations' were also determined after each incubati on 
period by alkali distillation of soil leached with netural li NH
4
0Ac o 
All analyses were conducted at 20 0 ± 1° and the results expressed on an 
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RESULTS 
Over all levels of moisture, incubation time, and soil pretreat-
ment, fixation of applied K in a form not exchangeable with ~ NH 40Ac 
appeared to be negligible . The average increase in Kex per 0.067 me% 
increment in K was 0.066 ! 0.0003 me% (table 22) . 
Furthermore, C.E.C. determinations indicated an average 
difference of only 5% between unfertilized samples and t~ose receiving 
the highest level of K. This difference is probably within the limits 
of experimental error where C.E . C. is in the order of 2 me% (table 3). 
Q/I data, however, suggested that some fixation of labile K (_~Ko) may 
have occurred. Apart from the consistently lower values of _~Ko 
relative to Kex, attributable to sites exhibiting specificity for K 
(Seckett, 1964c), the average response to K was lower 0.064 ± 0. 0006 
me% per 0.067 me% of K (table 22). Thus, K applications probably 
resulted in some increase of specifically held K and a decrease in the 
labile pool effective C.E.C. 
While the increase in _~Ko with level of K was almost perfectly 
linear, ARK values were affected nearly threefold by experimental error 
o 
(table 22). A good linear relationship was ' obtained with data from 
air dry samples, however, and errors in the determination of moisture 
appear to have been largely responsible (fig. Bc). This source of 
error was aggravated by uneven moisture ' losses during incubation, which 
proved difficult to eliminate. Increases in _~Ko' and ARK were 
o 
disproportionate and resulted in highly significant (p = 0.001) changes 
in the form of the Q/I relationship (table 22). Over all levels of 
time, moisture, and soil pretreatment, changes in PBCK were inconsistent 
K due to the lack of precision in the determination of AR values of 
K 0 K 
moist samples. Recalculating PBC values from the regression of AR 
o 
on K level, a vertically displaced relationship very similar to that 
obtained with air dry samples was obtained, however (fig. Bd) . 
K exhaustion may result in an increase in PBCK, due presumably to 
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Table 22 The effect of K fertilization on exchangeable K (Kex) 
and the Q/I parameters -~ KO, AR~, and PBCK * 
K applied (me%) ' LSD 
K index SE 
5% 1% 0.1% nil 0.067 0.134 0.268 
Kex (me%) 0.145 0.206 0.276 0.406 0.0010 0.003 0.004 0.005 
_~ KO (me%) 0.131 0.193 0.257 0.385 0.0019 0.005 0.007 0.009 
AR~ [!! t] 0.0279 0.0442 0.0577 0.0953 0.00128 0.0036 0.0047 0.0061 
PBCK 4.77 4.45 4.55 4.20 0.078 0.22 0.29 0.37 
* PBC
K values are from statistical analysis and differ from values 
calculated from _~Ko and AR~ means due to rounding errors in 
the latter 
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the converse, a reduction in PBC K on K fertilization, has generally been 
ascribed to experimental error where it has been observed (Beckett ~ 
al., 1966; Beckett and Nafady, 1967a; Le Roux and Sumner, 1968a), the 
diminishing change in PBC
K 
with level of K fertilization observed in 
this work is consistent with such a reduction (fig. 8d). A level of K 
saturation was reached above which there would probably have been little 
further reduction in PBC K, presumably due to saturation of specific 
exchange sites and attainment of a constant C.E.C. attributable to 
planar sites. 
Over all levels of K, moisture content, and soil pretreatment, 
increase in the time of incubation resulted in a significant (p = 0.001) 
increase in p~CK (table 23). An overall increase in _~ KO was 
accompanied by a decrease in ARK. Although, measurements of pool (Kex . o . . , 
and -6 KO) indicated K release during incubation, no meaningful changes 
in C.E.C. were detected. K release would be accompanied by C.E.C. 
increases, however, and might result ' in ,changes in the form of the Q/I 
relationship consistent with those observed (Beckett, 1964b; Le Roux, 
1966; Beckett and Nafady, 1967b). It is difficult to adequately 
explain why initial release of K should be followed by decreases in both 
KQX anrl -~ K O _ hilt. ~n I'lvnl ~n~t. ; nn ; ~ nl'l'T'h"ln~ tn he f'nttnn ; n tho ,...,,..,,..,,,,1 \I 
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Table 23 The effect of i ncubation time on exchangeable K (Kex) 
and t he Q/I parameter s - 6 KO, ARK, and PBCK 
0 
Incubation time (weeks) LSD 
K index SE 
5% 1% 001% 2 4 16 20 
Kex (me%) 0.246 00268 0. 262 0. 256 0. 0010 0. 003 0.004 00005 
-.6. KO (me%) 0. 228 00240 0.257 0. 241 0. 0019 0. 005 00007 0.009 
AR~ r~ ;] 0. 0591 0. 0604 0.0531 0. 0524 0. 00128 0. 0036 0. 0047 0. 0061 
PBcK 4. 15 4017 4. 85 4. 79 0. 078 0.22 0. 29 0. 37 
Mumbrum and Hoover, 1958; Mortland, 1961). Moisture loss during 
incubation is not considered to have played a significant role as losses 
did not exceed 20% and the main effects of moisture were nonsignificant . 
The response of pool (Kex and _6Ko) and ARK to time of incubation 
o 
increased with level of K, resulting in a marked increase in PBcK per 
two week incubation period at higher levels of K (fig. 9) . Thus, the 
tendency for higher rates of K to decrease PBC K tended to di minish with 
time. It is noteworthy, that Beckett and Nafady (1967a) observed a 
similar effect, heavy dressings of K leading to transient reductions in 
PBcK, which were eliminated on storage. 
Although , over all levels of K, moisture content, and incubation 
time, air drying did not alter the measured value of _AKo, ARK was s i g= 
K 0 
nificantly (p = 0. 01) reduced and PBC thus increased (table 24) . Ai r 
Table 24 The effect of air drying on exchangeable K ~Kex) 
and the Q/I parameters _6K o, AR~, and PBC 
Soil condition LSD 
K index SE 
moi st @,r dry 5% 1% 0.1% 
Kex (me%) 0.255 0. 261 0.0010 0. 003 0. 004 0. 005 
- 6 K
O 
(me%) 0 . 241 0. 241 0. 0019 0 . 005 0. 007 0. 009 
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drying resulted in an increase in Kex, presumably due to distortion 
of clay plates and release of K held on edge and intral attice s i tes 
(Scott and Smith, 1968) . Such release would result in an at least 
concomitant increase in C.E . C. , which would, in turn , due to the 




those observed (Beckett, 1964b; Le Roux , 1966; Beckett and Nafady, 
1967b). _~Ko was influenced by a significant K level x soil 
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pretreatment interaction, however, drying leading to some increase in 
_~Ko at low levels of K saturation and to significant (p = 0. 01) 
fixation at the highest level of K saturation (fig o Bb) o At high K 
saturation, equilibrium between specifically held K and labile K 
appears to have been re-established, on the exposure of sites not 
previously occupied by K, by transfer of some labile K to a more firmly 
held state. The concomitant decrease in the activity of K would then 
have similarly affected ARK (fig. Bc). Had air drying lead to an 
o 
increase in planar sites only, the decrease in ARK would not 
o 
accompanied by a decrease in _~Ko. It seems probable 
have been 
K that AR was 
o 
reduced by both an increase in specific adsorption of K and an increase 
in the extent of planar surfaces . 
CONCLUSIONS 
While data reported here do not support the generally accepted 
hypothesis, that the form of the Q/l relationship is a characteristic 
soil property (Beckett et al., 1966; Le Roux, 1966; Beckett and Nafady, 
1967a; Moss, 1967), they are not without precedent. Small PBC K 
changes have previously been noted on K fertilization, storage, 
exhaustive cropping, and air drying (Matthews and Beckett, 1962; 
Beckett et al . , 1966; Le Roux, 1966; Beckett and Nafady, 1967a; Le Roux 
and Sumner, 196Ba). Few experiments have been designed to test the 
K 
significance of PBC changes statistically, however, and such changes 
as have been observed have generally been consi dered negli gi ble and 
within the limitR nf RxnRrimRnt~l R~~n~ _ 
been examined simultaneously and general rather than specific 
differences have been soughto 
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If soil tests involving a/I parameters are to have any practical 
value the form of the a/I relationship must remain unchanged by 
releas~ or fixation of Ko In many soils this requirement is 
apparently fulfilled (Beckett et al., 1966; Beckett and Nafady, 1967a; 
Moss, 1967) and it could reasonably be argued, that notwithstanding 
the statistical significance of PBC K changes observed in this work, 
such changes were of insufficient magnitude to be practically meaning-
ful. Previous work has shown this not to be the case, however 
(chapter 3). In both pot and field experimentation marked reductions 
in the prognostic value of soil tests were attributable to PBCK 
changes similar to those observed in this study. 
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GENERAL DISCUSSION AND CONCLUSIONS 
In introducing this dissertation it was suggested that the 
usefulness of correlative work, designed to establish threshold values 
for a specific element and crop, is ultimately dependent upon a sound 
knowledge of the more important soil-plant relationships in that 
particular system and the efficacy of the soil test used. These 
investigations have, it is hoped, provided some useful information 
with regard to the establishment of critical soil K levels for maize 
production on the sandy hydromorphic soils of Natal. 
Although the hydromorphic nature of these soils largely eliminates 
any danger of K loss to zones beyond the rooting depth of maize, poor 
retention of potassium by the A horizon is a problem of considerable 
agronomic significance to both the farmer and fertility specialist o 
The farmer is facrowith the dual problem of maintaining an adequate 
level of K in the topsoil during early growth and of avoiding economic 
losses due to luxury consumption, while the fertility advisor is forced 
to take cognisance of subsoil K. 
In present practice farmers can minimise risk of early deficiencies 
or luxury consumption, by applying K as close as possible to planting, 
only applying sufficient for crop requirements, optimum fertilization 
with Nand P and endeavouring to maintain the organic matter content of 
their soils at a high level. A final solution to the problem, however, 
must depend mainly upon the local production, by industry, of less 
soluble K fertilizers. 
Fertility advisers will have to alter their present soil ssmpling 
techniques. Forty-five cm soil cores are as easily obtainable as the 
presently used, but largely valueless 15cm cores and will considerably 
improve any assessment of plant available K. Ideally, there should be 
an assessment of early seasonal requirements based on a 15cm soil core 
and an evaluation of the total requirements based on a 45cm or even 
deeper soil core. Work is presently in progress to establish the 
optimum depth of such samples. 
fertilizer tri al s designed for cor relation with an ever increasi ng 
number of hit-or-miss extractions . . . . ... (Nye , 1963). That t hi s 
statement is in essence true cannot be disputed and the benefits 
resulting from development of some universal procedure would be 
inestimable. Need for many years of painfully tedious empi r ical 
calibration work would be obviated and agriculturally more backward 
countries would be able to make extremely rapid progress with regard 
to soil fertility expertise. That such a method will evolve 
sufficiently rapidly to meet the demands of a burgeoning world 
population is, however, questionable. Ironically one of the major 
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obstacles to the rapid development of rev~lutionary techniques in thi$ 
field is that technically advanced countries, those best suited and 
equipped to conduct such work, are also those which least require it . 
In such countries soil calibration has developed, through the 
accumulation of vast masses of empirical data, to the stage where 
satisfactory fertilizer advice can be given to localised areas. Most 
of the less developed countries, however, have not had the opportunity 
to gather such information . Indeed, many still do not possess the 
personnel or facilities required for such work on a sufficiently 
localised scale . Unfortunately it is by and large these countries 
which most urgently need to develop their agricultural capability. 
At the time Nye's statement was made it was considered likely 
that nutrient potential might provide the key to universality, ideas 
proposed by Schofield (1955) and Woodruff (1955) having provided the 
basis for suitable analytical techniques. The various techniques based 
on these concepts have, however, not been widely adopted. Barrow 
(1967) has suggested that two reasons for this may be the difficulty in 
measuring the parameters concerned and the view held by early workers 
that potential alone might be sufficient. Recent f i ndings, however , 
indicate that even joint consideration of quantity and intensi t y 
parameters does not produce any marked improvement in the prognosi s of 
fertility req~irements (Barrow, 1966; Zandstra and MacKenzie, 1968). 
from the fact t hat esti mates of K availabi l ity obtained i n topsoil 
samples using bo t h the 0/1 technique and extraction wi th neutral 
~ NH
4
0Ac were not significantly different, 0/1 parameters provided 
somewhat poorer indices when subsoil samples were considered 
simultaneously. Thus, the requirement that any analytical procedure 
designed to reduce empiricism should provide fertility indices less 
affected by soil differences than the commonly used extractions 
employing normalised electrolytes was not satisfied . 
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Reasons for this are perhaps to be found in certain weaknesses 
inherent in the 0/1 approach . To have any practical value the 
relationship between pool of labile K and the equilibrium activity 
ratio, within a particular soil, must remain unchanged by K release/ 
fixation phenomena . In other words, the slope of the linear portion 
of the 0/1 curve must be constant. While this is commonly held to be 
the case (Beckett, 1964b; Beckett et al., 1966; Beckett and Nafady, 
1967a; Moss, 1967) , evidence presented in this study suggests that this 
is not necessarily so and that changes in the 0/1 relationship may be 
of sufficient magnitude to have practical significance . In addition, 
the basic premise of all present techniques involving potential 
measurements, that the ratio aK//aCa + aMg in the soil solution has 
physiological significance, is questionable. Findings presented both 
here and in the literature (Peech and ~radfield, 1943; Viets, 1944; Van 
Itallie, 1938, 1948; York et al., 1953; Jacobson et al . , 1960; Waisel, 
1963) indicate that metabolic processes exert an overriding influence 
on the cationic suite adsorbed by plants and that it is not solely 
determined by the compliment of ions adsorbed on root surfaces. The 
necessity to simultaneously consider both metabolic and pure physico-
chemical systems is, in fact, probably one of the major obstacles 
confronting workers in the field of soil fertility _ 
In conclusion, it is perhaps pertinent to suggest that soil 
extractions involving the use of NH4+ salts have a sounder theoretical 
basis than is generally conceded. The similar ionic radii of K+, NH
4
+, 
and H~O+ ions make the NH A+ ion a theoretically suitable substitute for 
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biological significance o 
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